The enzyme-linked immunosorbent assay (ELISA) is rapidly becoming a central tool in both clinical and research laboratories (1) (2) (3) 7) . The assay is simple and rapid, and since it rivals the radioimmunoassay in sensitivity, the lack of radioactive waste products makes it an ideal test system for both antigens and antibodies (9) . To date, the assay has been limited by the necessity for purified or partially purified soluble antigen or antibody as the primary adsorbant to the solid-phase surface, although recently the adherence of whole mammalian cells has been successfully performed in the cell ELISA (CELISA) (2, 4 ; R. Morris, P. Thomas, and R. Hong, Abstr. Annu. Meet. Am. Assoc. Clin. Histocompatibility Testing, 1981, A61, p. 50).
(The term CELISA has also been used by Pronovost et al. [8] to describe a chemiluminescent ELISA.) Only two laboratories have reported using whole bacterial cells in the ELISA. Cummings et al. (3) have used the ELISA for detection of cell wall carbohydrates in the grouping of beta-hemolytic streptococci adsorbed to microtiter wells, whereas This paper reports the development of a bact-ELISA with whole Streptococcus sanguis cells. In our laboratory, the bactELISA is being used as a screen for traditional and monoclonal fimbrial antibody under production in experimental animals, as well as the primary tool for serotyping of S. sanguis fimbriae isolated from dental plaque samples. Although earlier investigators have used ELISA as a serological test for the study of fimbriae (1), they found it necessary to first remove the structures from the cell before attempting adherence to the well surface. With S. sanguis, this removal has proved to be a difficult task; hence, the bactELISA was developed (our laboratory; data not shown). Antisera. Antisera to S. sanguis FW213 were produced in rabbits by a single subcutaneous injection of 109 live organisms in 0.85% saline. Rabbits were bled 2 months after injection. To remove nonfimbrial antibody, 1-ml samples of antisera were adsorbed with 0.1 ml of packed S. sanguis JL7. Each 0.1-ml sample of cells required 40 ml of JL7 prepared as described above for S. sanguis FW213. The adsorptions were performed at 4 and 37°C for 0.5-h periods (two adsorptions at 4°C followed by two at 37°C; the cycle was repeated for a total of eight adsorptions).
MATERIALS AND METHODS
Preparation and rapid to perform. A similar methodology (effecting bacterial adherence by drying betahemolytic streptococci onto the plate in a 60°C oven for 1 h) was utilized in the whole-cell ELISA performed by Cummings et al. (3) . These authors, however, made no attempt to determine the final color development with instrumentation. Instead, wells were visually interpreted as positive and negative. Ison et al. (5) adsorbed N. gonorrhoeae to polystyrene wells by coating the wells first with poly-l-lysine, followed by addition of bacteria, and finally 0.2% gluteraldehyde. In our hands, the use of gluteraldehyde as a bacterial fixative, followed by inactivation with 1 M L-(+)-lysine monohydrochloride, resulted in bacterial adherence, but in addition resulted in a high degree of nonspecific adsorption of rabbit IgG and conjugate. Other investigators (6) have-used whole bacterial cells in the ELISA by first coating the well with known antisera, followed by adsorption of the bacterial cell. By adsorbing bacteria directly to the plate, one less coating step is required and less antisera is used. In addition, when testing a large number of clinical isolates for a particular surface structure, it is not necessary to use a group-or species-specific antiserum to which all isolates will adhere. The method of bacterial adherence chosen here seemed to provide the most consistent and reproducible well coverage. When S. sanguis cells were allowed to settle overnight but were not dried, the mutant strain JL7 was seen microscopically to adhere very poorly compared with the parent strain. Rosenberg (9) has reported an observed correlation between adherence of various bacterial species to polystyrene and the hydrophobic differences between the bacterial surfaces of these organisms. The probable loss of two fimbrial types from the surface of JL7 (Fives-Taylor, in press) could account for such a hydrophobic change in this bacterial strain. This loss may also account for the increased variation seen with adsorption of labeled JL7 to both polystyrene and polyvinyl when compared with FW213 (Table 2) . Overall, adherence to polyvinyl was less than that to polystyrene for both strains tested. Hydrophobic influences may also be responsible for the decrease seen in wholecell adherence between the two plates. Our results would seem to indicate that polystyrene may prove superior to polyvinyl in the grampositive bactELISA.
When S. sanguis FW213 was incubated with antiserum before and after adsorption with JL7, a decrease in optical density was not noted. Since adsorption with JL7 should remove reactive antibodies directed against nonfimbrial components of the cell, a decrease in optical density would be expected from the reaction of the adsorbed antiserum and FW213. This decrease was not observed. The continuing high optical density would indicate that a majority of the antibodies produced to S. sanguis FW213 are directed against these surface structures involved in adherence. Electron micrographs of strain FW213 revealed that this organism is densely covered with these hairlike fimbriae (Fives-Taylor, in press); hence, their predominance as the recognized antigen is not surprising.
The availability of the bactELISA has considerable potential for workers in the clinical laboratory, as well as for those involved in research. Studies of surface antigens could be simply and rapidly carried out, with the added advantage of the availability of antigen quantitation and the ability to perform a large number of tests at once in one %-well plate. Typing of somatic, capsular, and flagellar antigens for gram-negative organisms, as well as similar studies on grampositive bacteria of clinical significance, could be facilitated by the availability of a sensitive enzyme assay which allows for extensive dilution of expensive antisera. In addition, the adsorption of whole bacteria to microtiter well surfaces also lends itself to testing both human and experimental sera for antibodies directed to bacterial antigens, which might be difficult to 
